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Introduction

Wearable technology is an exciting and inexpensive method
for monitoring training intensities and providing data for
performance testing. In the case of the FitBit Charge 2
(FBC2) device, the parameters of speed, distance, and heart
rate (HR) can be monitored and downloaded by the user.
In the present Editorial Commentary, we discuss a recent
study by Freeberg er al. (1). These investigators examined
the validity of the FBC2 device and the manufacturer’s
protocol for estimating maximum oxygen uptake (VOZmax).

Our commentary focuses on the technique that the FBC2
uses to predict maximum oxygen uptake (VO,,...). Rather
than rely on exercising HR along with distance and time, we
recommend wearable manufacturers consider a method of
predicting VOZmax based off of an estimate of critical speed
(CS). The utilization of a time-trial (i.e., fastest time elapsed
for a fixed distance) will be influenced by both aerobic and
anaerobic energy systems. As our commentary summarizes,
there is emerging literature to suggest that estimating CS
provides a high-level prediction of VOz,mx.

Investigation of the FitBit Charge 2 (FBC2)
device

As new wearable technology emerges, empirical insight into
usable fitness metrics such as accuracy for estimating VOZmax
is warranted. We commend Freeberg ez al. (1) for their recent
investigation of the FBC2 device and the manufacturer’s
protocol for estimating “true” VOZ‘W. The investigators
compared the cardio fitness score from the FBC2 device
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with “true” VO,,,.,, as measured with an incremental exercise
test on a treadmill with a subsequent exhaustive verification
bout. Interestingly, the authors observed that a non-
exercising equation (N-EX) for estimating VOZM,X was more
accurate than the FBC2 device. Such an observation would
suggest that more information imputed to a regression
model for estimating VOZ,Mx may not necessarily be better.
In the case of the Freeberg er al. article, their conclusion
was that the accuracy of the FBC2 may have been harmed
by the inclusion of exercising HR into the regression model
which may explain the statistically consistent overestimation
of “true” VOZM that was observed. Such a result begs the
question: What should wearable technology companies use
to best estimate VOme?

Our editorial commentary focuses on three areas: (I)
what wearable technology manufacturers might consider
when developing a device, such as the FBC2, and protocol
for estimating VO, (I1) the influence of HR to introduce
error in the estimation of VO,,,,, and (III) the benefits and
limitations of the N-EX equation for estimating VOZmax.

(I) The protocol for the FBC2 (i.e., a2 minimum
10 minutes run) relies principally on time and distance
recordings along with exercising HR. Time-trial
performances that “dump” into a regression formula to
predict VO,,,., are influenced by both aerobic and anaerobic
energetic systems, the latter system being dismissed. A
recent protocol, the 3-min all-out exercise test for running
(2), takes into account both CS, a mechanical metric for
delineating whether VO, will steady-state or climb toward
VOZmx (3), and the finite capacity for running at speeds
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exceeding CS (D’). Indeed, a recent study demonstrated that
in comparison to the Yo-Yo intermittent test, the CS metric
measured using the 3MT was more strongly correlated
with “true” VOZmax than the Yo-Yo equation (4). That result
was most likely due to the fact that the 3MT can parcel out
the contribution of D’ to a time-trial performance whereas
the regression model for the Yo-Yo test assumes the total
time-trial performance is supported solely by one’s maximal
aerobic power (MAP).

(II) The inclusion of HR response to predict VOzmx
can introduce errors in many forms. In most submaximal
exercise tests, the user extrapolates a maximal work rate
based on a patient’s age-predicted heart rate maximum
(APHRM) and estimates \'/'Oz,mx using a metabolic equation
(5). It is well known that “true” HR,,, can vary from
APHRM (6). Moreover, in the case of the present study
by Freeberg er al. (1), introducing exercising HR data in
response to speed-time data, was arguably adding “noise”
to the estimation of “true” VOme. These investigators
extrapolated an expected exercising HR from a series of
laboratory tests (i.e., the observed HR values evoked for the
outdoor test using the FBC2 were compared with expected
HR values extrapolated by constant-paced treadmill bouts).
Small metabolic differences exist between treadmill and
overground running (7), which we assume the authors took
into consideration. That stated, the average difference was
a ~28 bpm underestimation during FBC2 test compared to
expected HR values extrapolated from laboratory testing,
implying that the FBC2 test made the subjects appear more
aerobically fit than they actually were. The magnitude of
HR error observed in the present study is consistent with
other studies reporting underestimations of HR with wrist-
worn HR monitors (8,9).

Notably, we are not advocating that manufacturers of
wearable technology abandon the ability to concurrently
measure HR. Although inclusion of HR in models to
predict VO, may be problematic, the ability to monitor
HR relative to training speeds on a workout-to-workout
basis adds value. The use of HR can provide an index of
internal load (i.e., how hard a workout is on a given day) (10).
The use of HR can also help in monitoring training
improvements. For instance, improvements in mechanical
efficiency as measured by lactate threshold (L'T) at a given
intensity will result in a lower exercising HR at a given
speed; yet, HR associated with LT will remain stable (11).

(IIT) As stated, the present study observed that the N-EX
equation predicted VOZmaX more accurately than the FBC2
protocol. The N-EX model accounts for age, sex, body mass
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index, and self-reported physical activity rating (PA-R) (12).
The present study used a PA-R scale of 0-7; however, more
recent iterations ranging 0-10 (13), and more recently
0-15 has been reported for cycle ergometry (14,15) and
treadmill exercise (16). A PA-R scale with a wider range of
choices may increase the fidelity of the VO,,,, estimation
across a wider range of fitness levels.

The benefit of predicting VOZmax with a N-EX equation
is to subsequently estimate a power output or speed and/
or grade combination evoking MAP using a reversal of
metabolic equations published in the American College of
Sports Medicine Guidelines Manual (5) [N.B., for review
on the customized procedure for incremental exercise
testing, see reference (17)]. Knowing an estimate of MAP,
customized incremental grades or slopes with target
protocol duration times (e.g., 10 minutes) can be derived,
along with customized submaximal exercise tests (15,16).
The limitations of the N-EX method is the lack of research
on its ability to validly detect training adaptations. Thus,
wearable technology may serve to inherently fill such
practical gap of detecting meaningful training adaptations
to an exercise program, and do so at an affordable price.

Summary

In summary, we appreciate the opportunity to provide
commentary on the original investigation by Freeberg
et al. (1). We commend the authors for their important work
and hope that our comments provide ideas for research
and development of new technology along with testing
methodology on existing wearable technology. In the
present study, the authors concluded the N-EX method was
superior to the fitness test developed for the FBC2, with
the results from the FBC2 device over-predicting “true”
VOZmaX. Arguably, a better protocol and regression model
that parcels out the contribution of D’ might easily remedy
such an error, although more research is warranted.
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